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ABSTRACT 
Three l i t h i u m  b a t t e r i e s  which have been proposed as candida tes  f o r  use  
i n  t h e  Global Pos i t i on ing  System have r e c e n t l y  been s t u d i e d  by Code R33 of  
t h e  Naval Surface Weapons Center (NSWC). The b a t t e r i e s  were discharged a t  
s e v e r a l  r a t e s  and temperatures  both  before  and a f t e r  environmental t e s t i n g .  
B a t t e r i e s  were heated i n s i d e  a  c losed  chamber u n t i l  t hey  vented. Samples of  
t h e  vented gases  were analyzed,  e s p e c i a l l y  f o r  components which might be  
t o x i c .  The t e s t  r e s u l t s  repor ted  i n  t h i s  paper r a i s e  concerns about each of 
t h e  proposed b a t t e r i e s .  
I NTRODUCTION 
We were tasked t o  review t h r e e  l i t h i u m  b a t t e r i e s  which were proposed by 
prime c o n t r a c t o r s  f o r  use  i n  t h e  Global Pos i t i on ing  System. The b a t t e r i e s  
a r e  t o  provide "back-upt' power f o r  computer memory c i r c u i t s  w i t h i n  t h e  
system. Our review included t h e  d ischarge  c h a r a c t e r i s t i c s  of  t h e  b a t t e r i e s  
under a  v a r i e t y  of cond i t i ons  inc luding  d ischarge  a f t e r  v i b r a t i o n  a t  low and 
h igh  temperatures .  Because t h e  b a t t e r i e s  may be used i n  an  environment 
c losed  t o  t h e  atmosphere, we obtained a n a l y t i c a l  d a t a  on t h e  gases  which 
were r e l ea sed  when t h e  b a t t e r i e s  were hea ted  u n t i l  they  vented. This  paper  
summarizes t h e  r e s u l t s  of our  s tudy;  a d d i t i o n a l  d e t a i l s  o f  t h i s  program w i l l  
b e  a v a i l a b l e  elsewhere. 1 
The des ign  c h a r a c t e r i s t i c s  of  t h e  t h r e e  l i t h ium b a t t e r i e s  a r e  l i s t e d  i n  
Table 1. 
We purchased t e s t  l o t s  of  100 of  each of t h e  candida te  b a t t e r i e s  
d i r e c t l y  from t h e i r  manufacturers.  The b a t t e r i e s  were b u i l t  t o  
s p e c i f i c a t i o n s  developed by t h e  manufacturers i n  conjunct ion wi th  t h e  prime 
c o n t r a c t o r s  designing t h e  Global Pos i t i on ing  System. As i s  c l e a r  from Table 
1, t h e  des igns  of t h e  d i f f e r e n t  c o n t r a c t o r s  requi red  b a t t e r i e s  wi th  d i f f e r e n t  
e l e c t r i c a l  c h a r a c t e r i s t i c s .  
EXPERIMENTAL PROGRAM AND RESULTS 
The experimental  program used f o r  t h i s  p r o j e c t  was very s i m i l a r  t o  our  
s tandard  program which has been descr ibed  previously,.2 Af t e r  an  i n i t i a l  
inspec t ion ,  we measured t h e  open c i r c u i t  vo l t age  (OCV) and AC r e s i s t a n c e  
(ACR) a t  1000 h e r t z  of  each b a t t e r y .  Then t h e  vo l t age  under s e q u e n t i a l  
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loads  o f  1000, 100, and 10  ohms was measured. The ACR measurements were 
then repea ted .  The r e s u l t s  of  t h e s e  non-destruct ive t e s t s  a r e  summarized i n  
Table 2. 
DISCHARGE TESTS 
Discharge tests were run  on t h r e e  t o  f i v e  b a t t e r i e s  o f  each type  a t  
bo th  t h e  f o u r  month and 24 hour r a t e s .  S tud i e s  a t  t h e  l a t t e r  r a t e s  were 
conducted a t  s e v e r a l  temperatures  and be fo re  and a f t e r  v i b r a t i o n  t e s t i n g .  
Low Rate Discharge 
Room temperature  d i scharge  a t  t h e  f o u r  month r a t e  produced p r e d i c t a b l e ,  
acceptab le  behavior  from a l l  t h r e e  b a t t e r y  types .  Voltages du r ing  d ischarge  
were q u i t e  s t a b l e  u n t i l  end-of- l i fe  f o r  the S02C12/C12 and SOC12 
systems. The v o l t a g e  of  t h e  SOC12/BrC1 b a t t e r i e s  dropped slowly from 3.9 
v o l t s  a t  t h e  beginning o f  d i scharge  t o  a p l a t e a u  o f  about 3.6 v o l t s  a f t e r  
one month. 
Higher Rate Discharge 
Room temperature  d i scharge  a t  h ighe r  r a t e s  a l s o  gave accep tab l e  
r e s u l t s .  The vo l t age  o f  t h e  SOC12/BrC1 b a t t e r i e s  under a 50 ohm load  
dropped from an i n i t i a l  va lue  o f  3.7 v o l t s  t o  a p l a t e a u  va lue  o f  3.5 v o l t s  
a f t e r  a few hours .  About 28 hours  i n t o  d i scharge ,  t h e  b a t t e r y  v o l t a g e s  
began t o  g radua l ly  drop;  bu t  they d i d  n o t  reach  t h e  tests '  2-volt cu t -of f  
u n t i l  a f t e r  more than  50 hours o f  d i scharge .  
Under a s i m i l a r  50 ohm load ,  t h e  S02C12/C12 b a t t e r i e s  d e l i v e r e d  a 
s t eady  3.3 t o  3.6 v o l t s  a t  room temperature  u n t i l  about  48 hours  i n t o  t h e  
t e s t .  Then t h e i r  loaded v o l t a g e s  r a p i d l y  dropped t o  below one v o l t  w i t h i n  
1 t o  3 hours .  
A t  ambient temperature ,  t h e  SOC12 b a t t e r i e s  d e l i v e r e d  a s t eady  6.9 
v o l t s  under  a 200 ohm load f o r  24 hours .  The i r  v o l t a g e s  t hen  began t o  d r o p  
u n t i l  they  reached t h e  experiment 's  3-vol t  l i m i t  a t  about 30 hours .  
Discharge behavior  a t  71°C was very  s i m i l a r  t o  t h a t  observed a t  room 
temperature .  A s  might be  expected,  loaded v o l t a g e s  increased  one o r  two 
t e n t h s  o f  a v o l t  over  room temperature.  The d e c l i n e  o f  v o l t a g e  a t  t h e  end 
o f  d i scharge  t y p i c a l l y  began 1 t o  3 hours  e a r l i e r  t han  a t  ambient 
temperature .  
A temperature  of  -50°C had a marked e f f e c t  on t h e  d i s cha rge  behavior  o f  
t h e  t h r e e  b a t t e r i e s .  Under a 50 ohm load ,  t h e  v o l t a g e  o f  t h e  s O C 1 2 / B r c 1  
b a t t e r i e s  dropped from about 3.4 v o l t s  a t  t h e  beginning o f  d i s cha rge  t o  a 
va lue  of 2.8 v o l t s  a f t e r  3 hours .  The v o l t a g e  remained a t  t h i s  p l a t e a u  
u n t i l  i t  dropped t o  t h e  experiment 's  2-volt  cu t -of f  a t  about  23 hours .  Thus 
t h e s e  b a t t e r i e s  de l ive red  only about 40% o f  t h e  ampere hour c a p a c i t y  
r e a l i z e d  a t  room temperature .  Under t h e  same low tempera ture  l oads ,  t h e  
v o l t a g e  o f  t h e  S02C12/C12 b a t t e r i e s  dropped t o  z e r o  and d i d  n o t  
recover during t h e  24 hour t e s t ;  thus no capaci ty  was recovered from these  
b a t t e r i e s  a t  -50°C. The vol tage  of the  SOC12 b a t t e r i e s  a t  t h i s  
temperature under a  200 ohm load never exceeded 3 v o l t s  and dropped t o  
2 v o l t s  a f t e r  24 hours. Since t h e  minimum acceptable discharge vol tage  f o r  
t h i s  b a t t e r y  is g r e a t e r  than 3 v o l t s ,  no usable capaci ty  was ava i l ab le  a t  
low temperature even though the re  was some current  flow. 
Discharge Capaci t ies  
Discharge c a p a c i t i e s  were measured under severa l  d i f f e r e n t  condit ions.  
Four o r  f i v e  b a t t e r i e s  of each type were discharged a t  room temperature 
under loads of  50 o r  200 ohms a s  described e a r l i e r .  These discharges were 
completed wi th in  a month o r  two a f t e r  we received the  b a t t e r i e s .  
Twenty-four f r e s h  b a t t e r i e s  of each type were v ibra ted  according t o  
MIL-STD-810C a t  71°C. Separate l o t s  of 24 b a t t e r i e s  were v ibra ted  i n  t h e  
same manner a t  -50°C. Af ter  v ib ra t ion ,  a l l  of these  b a t t e r i e s  were 
discharged a t  room temperature using the  same loads a s  i n  the  previous 
t e s t s .  Because severa l  months elapsed between the  o r i g i n a l  discharges and 
the  post-vibrat ion discharges,  f i v e  unvibrated b a t t e r i e s  of each type were 
discharged a s  c o n t r o l s  f o r  the  experiment. 
The f i v e ,  f r e s h  SOC12/BrC1 b a t t e r i e s  de l ivered  an average of 3.48 
ampere hours t o  a  2-volt l i m i t .  The c a p a c i t i e s  obtained ranged from 3.0 t o  
3.9 ampere hours. The capac i t i e s  obtained from t h e  24 c e l l s  v ibra ted  a t  
71°C ranged from 1.8 t o  3.5 ampere hours with an average of 2.57. The c e l l s  
v ibra ted  a t  -50°C l a t e r  de l ivered  2.0 t o  3.6 ampere hours a t  room 
temperature; t h e i r  average capacity was 2.82 ampere hours. The capac i t i e s  
of the  f i v e  c o n t r o l  b a t t e r i e s  ranged from 2.5 t o  3.6 with an average of 3.23 
ampere hours. 
The S02C12/C12 b a t t e r i e s  gave s i m i l a r  r e s u l t s  when discharged a t  
room temperature through a load of 50 ohms t o  a  2-volt l i m i t .  The f re sh  
c e l l s '  c a p a c i t i e s  ranged from 3.0 t o  3.4 with an average of 3.14 ampere 
hours. Af te r  hot  v ib ra t ion ,  the  range was 2.8 t o  3.1 with an average of 
3.01 ampere hours. The samples v ibra ted  a t  low temperature yielded 2.7 t o  
3.2 ampere hours wi th  an average of 2.95. The con t ro l  samples varied from 
2.7 t o  3,0 wi th  an average of 2.91. 
The bobbin const ruct ion  of the  SOC12 c e l l s  i n  combination with an 
unwelded case  gave r i s e  t o  ser ious  problems during discharge a f t e r  low 
temperature v ib ra t ion .  Four f r e sh  b a t t e r i e s  discharged through a 200 ohm 
load a t  room temperature de l ivered  0.91 ampere hours capacity t o  a  4-volt 
l i m i t  with no s i g n i f i c a n t  va r i a t ions .  The capac i t i e s  of the  four con t ro l  
b a t t e r i e s  discharged severa l  months l a t e r  ranged from 0.87 t o  0.96 ampere 
hours with an  average of  0.95. Of 24 b a t t e r i e s  v ibra ted  a t  71°C, two 
del ivered c a p a c i t i e s  of  only 0.40 ampere hours while t h e  capac i t i e s  of t h e  
o the r  22 u n i t s  ranged from 0.84 t o  1.0 ampere hours with an average of 
0.91. Af ter  low temperature v ib ra t ion ,  only 6 of 24 b a t t e r i e s  could d e l i v e r  
more than 0.8 ampere hours a t  room temperature. Five b a t t e r i e s  had no 
usable capaci ty  while the  remaining samples de l ivered  0.1 t o  0.7 ampere 
hours .  Upon in spec t ion ,  we found t h a t  t h e  c e l l s  i n  many of  t h e s e  b a t t e r i e s  
had leaked and t h a t  co r ros ion  o f  t h e  c e l l  c a s e s  and connectors  had occur red .  
The d i scha rge  c a p a c i t i e s  a r e  summarized i n  Table 3 .  The S02C12/C12 
b a t t e r i e s  e x h i b i t e d  a  r a t h e r  wide range of  c a p a c i t i e s ,  bu t  c a p a c i t y  was n o t  
a f f e c t e d  by v i b r a t i o n  a t  e i t h e r  of  t h e  temperature  extremes. The f r e sh  
SOC12/BrC1 samples had t h e  same wide range of  c a p a c i t i e s ,  and t h e s e  
c a p a c i t i e s  were adve r se ly  a f f e c t e d  by v i b r a t i o n .  The unvibrated SOC12 
b a t t e r i e s  showed l i t t l e  v a r i a t i o n  i n  c a p a c i t i e s ;  un fo r tuna t e ly ,  some of  
t h e s e  b a t t e r i e s  f a i l e d  under h igh  temperature  v i b r a t i o n  and 75% o f  t h e  
sample f a i l e d  a f t e r  v i b r a t i o n  a t  low temperature .  
HEATING TESTS 
Fresh samples o f  each of  t h e  b a t t e r i e s  were hea ted  i n s i d e  a  2.8 l i t e r  
p re s su re  v e s s e l  u n t i l  t h e  c e l l s  vented.  Heating a t  about 20°C p e r  minute 
was accomplished by wrapping each b a t t e r y  w i th  e l e c t r i c a l  hea t ing  tape.  
During each t e s t  t h e  temperature  of  t h e  o u t s i d e  of  t h e  b a t t e r y ,  t h e  ambient 
temperature  i n s i d e  t h e  p re s su re  v e s s e l ,  t h e  b a t t e r y ' s  open c i r c u i t  vo l t age ,  
and t h e  p re s su re  i n  t h e  v e s s e l  were monitored. For most experiments,  t h e  
chamber contained a i r ;  b u t  i n  some experiments ,  t h e  a i r  was removed wi th  a  
vacuum pump, and t h e  chamber was r e f i l l e d  wi th  e i t h e r  helium o r  oxygen. 
Each o f  t h e  SOC12/BrC1 b a t t e r i e s  f a i l e d  wi th  a  loud "BANG" when t h e  
temperature  o f  t h e  b a t t e r y ' s  w a l l  was between 200 and 300 degrees  Cels ius .  
The f o r c e  o f  t h e  b a t t e r y  f a i l u r e  was o f t e n  g r e a t  enough t o  rock t h e  
s t a i n l e s s  s t e e l  chamber on i t s  suppor t s .  When t h e  b a t t e r i e s  f a i l e d ,  t h e  
p re s su re  i n  t h e  chamber spiked t o  over  100 pounds p e r  square  inch gage 
( p s i g )  except  i n  t h e  experiment i n  which t h e  chamber contained helium. I n  
t h i s  l a t t e r  c a s e ,  t h e  maximum p re s su re  recorded was l e s s  than 50 ps ig .  When 
we opened the chamber a f t e r  each experiment,  we found t h a t  t h e  c e l l  c a se s  
had been rup tured  and t h a t  t h e i r  con ten t s  were s c a t t e r e d  about t h e  chamber. 
Fresh S02C12/C12 b a t t e r i e s  behaved i n  a  manner gene ra l l y  very  
s i m i l a r  t o  t h a t  de sc r ibed  f o r  t h e  SOC12/BrC1 samples,  except  t h a t  t h e  
events  a s s o c i a t e d  w i t h  b a t t e r y  f a i l u r e  were l e s s  v i o l e n t .  It i s  d i f f i c u l t  
t o  q u a n t i f y  t h e  loudness  o f  a  r e p o r t  o r  t h e  degree o f  ca se  r u p t u r e ,  bu t  t h e  
p re s su re  s p i k e s  a s s o c i a t e d  wi th  t h e  ven t ing  of  t h e s e  b a t t e r i e s  were on ly  
h a l f  t h a t  observed f o r  t h e  f i r s t  system. 
The SOC12 b a t t e r i e s  f a i l e d  i n  a  much more benign manner. A s  t h e  
tempera ture  increased  from 200' t o  300°C, t h e  two c e l l s  would vent  q u i e t l y .  
Often t h e  moment o f  c e l l  f a i l u r e  could be  i d e n t i f i e d  only from s l i g h t  
i nc reases  i n  chamber p re s su re .  The e x i s t e n c e  o f  two d i s t i n c t  p r e s su re  
i nc reases  l e a d s  u s  t o  surmize t h a t  t h e  two c e l l s  i n  t h e s e  b a t t e r i e s  o f t e n  
vented independent ly .  The maximum p re s su re  observed r a r e l y  reached 20 
ps ig .  Upon examinat ion a t  t h e  end of each experiment,  we normally found t h e  
c e l l s  s t i l l  i n t a c t  i n  t h e i r  b a t t e r y  c a s e ;  t h e  c e l l s  had vented through t h e  
end c losed  w i t h  t h e  crimp s e a l ,  bu t  t h e  ven t ings  were mild enough s o  t h a t  
most o f  t h e  c e l l s '  c o n t e n t s  remained i n s i d e  t h e  case .  
GAS ANALYSIS 
Gas samples were removed from t h e  p re s su re  chamber a f t e r  each b a t t e r y  
had vented du r ing  t h e  hea t ing  t e s t s  j u s t  de sc r ibed ,  These samples were 
taken  i n  s t a i n l e s s  s t e e l  p r e s su re  b o t t l e s  t o  another  l abo ra to ry  f o r  
q u a l i t a t i v e  and q u a n t i t a t i v e  a n a l y s i s  u s ing  gas  chromatography and mass 
spectrometry . 3  Severa l  weeks o f t e n  e lapsed  between b a t t e r y  vent ing  and 
gas  a n a l y s i s ,  s o  t h e  a n a l y s i s  would no t  be expected t o  i d e n t i f y  any 
t r a n s i e n t  s p e c i e s ,  
The t o t a l  amount o f  gas  i n  t h e  p re s su re  v e s s e l  a f t e r  a  ven t ing  was 
c a l c u l a t e d  from t h e  temperature  and p re s su re  d a t a  recorded during and a f t e r  
t h e  event .  We c a l c u l a t e d  t h e  t o t a l  q u a n t i t y  of  t o x i c  gases  r e l ea sed  by a  
b a t t e r y  ven t ing  by s u b t r a c t i n g  background gases  (such a s  helium o r  n i t r o g e n )  
and non-toxic products (such a s  carbon d iox ide )  from t h e  t o t a l ,  We then  
assumed t h a t  t h e s e  t o x i c  gases  would be evenly d i sbursed  throughout a  c lo sed  
volume o f  85 m3 (3000 f t 3 l e  We then  c a l c u l a t e d  t h e  concen t r a t i on  of 
t h e s e  t o x i c  gases  i n  p a r t s  p e r  m i l l i o n  by volume. The r e s u l t s  of t h e s e  
c a l c u l a t i o n s  f o r  each b a t t e r y  t e s t e d  a r e  summarized i n  Table 4. 
CONCLUSIONS 
During t h i s  eva lua t ion  program, we i d e n t i f i e d  s e v e r a l  i s s u e s  and 
concerns.  W e  a r e  very concerned about t h e  s a f e t y  of  t h e  ~ 0 C l ~ / ~ r C l  and 
SO C 1  / C 1 2  b a t t e r i e s  because t h e i r  c e l l  c a s e s  repea ted ly  fragmented 2 .  2  du r lng  hea t ing  t e s t s .  The q u a n t i t i e s  of  t o x i c  gases  r e l ea sed  by some 
samples of  t h e  SOC12/BrC1 b a t t e r y  under t e s t  cond i t i ons  were a l s o  q u i t e  
h i g h  r e l a t i v e  t o  t h e  o t h e r  b a t t e r i e s .  Concerns about capac i ty  v a r i a b i l i t y  
and performance a t  low temperatures  .of t h e s e  two b a t t e r i e s  have a l s o  been 
mentioned. The behavior  of  t h e  SOC12 b a t t e r i e s  i s  such t h a t  we a r e  n o t  
ove r ly  concerned about t h e i r  s a f e  u se  i n  t h e  Global Pos i t i on ing  System, bu t  
t h e i r  performance a f t e r  v i b r a t i o n  and a t  low temperature  causes  s e r i o u s  
concerns a s  t o  whether o r  no t  t he se  b a t t e r i e s  could meet a l l  t h e  
requirements of  t h e  system. 
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TABLE 1 
BATTERY DESIGN CHARACTERISTICS 
CELL CELL CELLS I N  
CHEMISTRY* CONSTRUCTION SIZE BATTERY VOLTAGE CAPACITY 
SOC12 / B r C 1  S p i r a l  AA 2 i n  P a r a l l e l  3.9 V 4 Ahr 
So2C12/C12 S p i r a l  A A 2 i n  P a r a l l e l  3 .9  V 4 Ahr 
SOC12 Bobbin 213 AA 2 i n  S e r i e s  7.4 V 1 Ahr 
Crimp s e a l  
* A l l  c e l l s  c o n t a i n e d  l i t h i u m  anode and ca rbon  c u r r e n t  c o l l e c t o r s .  
TABLE 2 
NON-DESTRUCTIVE TEST RESULTS 
ACR 
OCV ACR LOADED VOLTAGE ( ~ o l  t s ) AFTER 
CELL TYPE ( v o l t s )  ( a )  ioooa 1 oosl 1 oa LOADS 
R e s u l t s  r e p r e s e n t  t h e  average v a l u e  f o r  measurements on 100 b a t t e r i e s  o f  
each  type .  
TABLE 3 
AVERAGE CAPACITIES (AMPERE HOURS ) 
AFTER VIBRATION 
CELL TYPE FRESH HOT COLD CONTROL 
"Average n o t  meaningful ,  s e e  t e x t .  
TABLE 4 
TOXIC GAS CONCENTRATIONS (PPM) CALCULATED 
FOR A VOLUME OF 85 m3 
BATTERY CHAMBER 
CONDITION GAS H2S H C 1  SO2 CS2 
PART A: S0c12/Brc1 BATTERIES 
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
Discharged 
Discharged 
A i r  
A i r  
A i r  
A i r  
He 1 iurn 
H e  1 iurn 
Oxygen 
Oxygen 
A i r  
A i r  
PART B : so2c12/c12 BATTERIES 
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
Discharged 
Discharged 
A i r  
A i r  
He 1 iurn 
He 1 iurn 
Oxygen 
Oxygen 
A i r  
A i r  
PART C : SOC12 BATTERIES 
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
F r e s h  
Discharged 
Discharged 
A i r  
A i r  
A i r  
A i r  
A i r  
H e  1 iurn 
H e  1 iurn 
Oxygen 
Oxygen 
A i r  
A i r  
Q. Felder, General Electric: Why was there a - 54 degree requirement? 
For a communications system in a submarine tha t  seems kind of low. 
. Barnes, NSWC: The submarine people asked the same thing. In f a c t ,  
the bigger and broader question i s  why do we need a backup with s ix 
month capabili ty when, as  we in the Navy recognize, a submarine 
loses power for  s ix  months, the memory i s  going to  be a very small 
part  of i t .  The current goal i s  t o  produce a common system for a l l  
services. And, therefore, there was a canvassing of a l l  services 
to  define the very worst possible use scenarios. And 54 degrees 
is a type of temperature that  one might see i n  the Artic. The high 
in temperature i s  a desert  or  s i t t i n g  on a runaway in California 
type temperature. So the temperature extremes and the l i fe t ime 
extremes were non-Navy driven. B u t  then when they looked for  the 
worst place to  p u t  t h i s ,  they decided the submarine was perhaps 
the most r e s t r i c t ive  environment which i s  why we ended up during 
the testing. 
A. Willis, Boeing: We have an application where we use a single AA 
BCX cell  for  memory retention. We have a six-month requirement 
and I notice your 24 hour rate .  We use a 5,000 hour ra te  because 
tha t  meets our application. In general we've had very good success 
with the t e s t  data on small sample l o t  and i t  looks l ike  we're 
going ahead with that .  I t  does not have the low temperature 
requirement. However, we have tested the PCX a t  intermittent periods 
of 93 degrees under tha t  ra te  because of the desert application and 
found i t  s t i l l  very satisfactory for  tha t  application. 
A. Barnes, NSWC: We have, in our t e s t  program, included 4 month 
discharge. B u t  Jerry told me to  l imit  t h i s  to  20 minutes, so I 
d idn ' t  bring a l l  of the viewgraphs. I t r ied  to pick representative 
ones. 
Q. Roth, NASA HQ: You used the term "remember these a re  only engineering 
i tems. " Does tha t  mean that  these are  bet ter  or worse than what you 
would get in production or what have you? 
A. Barnes, NSWC: I know that  the folks from Electrochem Industries are  
standing here. I don't  know about Union Carbide. I think you bet ter  
ask them. What I did want to  say was that  I know from what I said 
t h i s  morning they are  making changes - improvements - so I don't  
know what would happen i f  we got samples from them today. This i s  
what happened to  the small sample we got 15 months ago. Does 
someone EI want to  make any other comment? 
Q. Cecil, Electrochemical Industries: The bat ter ies  tha t  they used were 
production bat ter ies .  The assembly of the battery pack were 
engineering samples. 
Hodosh, Power Conversion: You made the statement that ,  a f t e r  the work 
was done, you made a recommendation and i t  was so r t  of turned down 
because the user said they wouldn't use i t  under any circumstances. 
I t ' s  kind of l ike  catch-22. I think I read you correctly and I 
imagine the reason f o r  continuing and doing additional work i s  that  
you hope to  convince the user, I guess eventually, that  perhaps he 
should use i t .  I ' d  l i ke  to  hear an end t o  that .  
Barnes, NSWC: As w i t h  a l l  big systems - they ' re  mu1 t i p l e  level users. 
We are  dealing with the electronics people who a re  developing the 
equipment. B u t  they, in turn, must negotiate with the folks who are 
in charge of the various platforms. Because submarines are  most 
res t r ic t ive ,  the people in charge of the submarine type desk were the 
people of most in te res t  in these negotiations. A t  t h i s  point, the 
electronics people, tha t  i s ,  the people developing the GPS, are  back 
talking, a t  the policy level ,  with the submarine people, weighing 
the re la t ive  merits of having anything tha t  might release any toxic 
substance on the submarine as contrasted with the desire to  produce 
a piece of equipment that  will  be common t o  a l l  three services. And 
t h a t ' s  a pol icy-level issue. The submarine people's objection was 
categorical. They did not dispute our numbers. They did not question 
whether or  not someone could survive i f  one of these bat ter ies  were 
to  vent. They simply said,  "you a re  talking about toxic materials. 
We don't  think the need i s  great enough. Thank you very much." 
And or now i t ' s  a policy decision separate from our technical 
discussion. 
Osterhoudt, Eastman Kodak: You said they rejected lithium bat ter ies .  
I s  lithium the v i l la in  or i s  i t  the cathodes? 
Barnes, NSWC: I t  was the toxic material. 
Osterhoudt, Eastman Kodak: You mean the cathode. 
Barnes, NSWC: The gases which were released when the battery vented, 
yes. I don't know how they would react i f  someone happened to propose 
a lithium battery tha t  did not vent toxic materials. 
Halpert, JPL: Jim, do I understand from your discussion that  the heat 
tape t e s t  i s  a standard t e s t  for  1 ithium ce l l s  fo r  a l l  applications 
or only for certain appl ications? 
Barnes, NSWC: The heat tape t e s t  i s  one of three t e s t s  called for in 
NAVSEA instruction 9310-1-A to  be r u n  on any lithium battery proposed, 
inside a piece of equipment, for  a NAVY system. So, yes, the heat 
tape i s  a standard t e s t .  The other two standard t e s t s  are  short- 
c i r cu i t  and discharge in the voltage reversal and coming in the next 
revision of the instruction of the instruction will be a charging 
t e s t  as appropriate. 
